1. Introduction {#sec1-nutrients-12-02426}
===============

Adolescents are young individuals aged between 10 and 19 years old. Globally, there are 1.8 billion adolescents, constituting the largest generation of young persons and about 90% of them reside in low and middle income countries (LMIC). Adolescence, when growth spurts occur, may expose them to malnutrition \[[@B1-nutrients-12-02426],[@B2-nutrients-12-02426],[@B3-nutrients-12-02426],[@B4-nutrients-12-02426],[@B5-nutrients-12-02426],[@B6-nutrients-12-02426]\]. They gain 20% to 25% of their height and up to 50% of their ideal weight \[[@B7-nutrients-12-02426],[@B8-nutrients-12-02426]\]. To support this rapid growth, there is a need for increased demand of energy, protein, minerals and vitamins \[[@B1-nutrients-12-02426],[@B9-nutrients-12-02426],[@B10-nutrients-12-02426],[@B11-nutrients-12-02426]\]. Sufficient nutrient intake of both macro and micronutrients is essential at this stage to meet the increased demand due to speedy growth, sexual maturation and menstruation \[[@B12-nutrients-12-02426],[@B13-nutrients-12-02426]\]. Undernutrition may contribute to underweight, poor performance at school, poor general health, pregnancy and birth complications, and less economic productivity \[[@B14-nutrients-12-02426],[@B15-nutrients-12-02426]\]. Whereas overnutrition may contribute to non-communicable diseases such as hypertension, coronary heart disease, stroke, diabetes, sleep apnea and cancer, among others \[[@B11-nutrients-12-02426],[@B16-nutrients-12-02426]\].

Globally undernutrition deficiency is a risk factor contributing to the burden of disease among adolescents \[[@B17-nutrients-12-02426]\]. The prevalence of iron deficiency among younger adolescent girls in lower social development index countries is 25%, and 27% among older adolescent girls \[[@B18-nutrients-12-02426]\]. The prevalence of iodine deficiency is common among younger and older adolescent girls in lower social development index countries with prevalence rates of 3.4% and 4.6%, respectively. Insufficient iodine contributes to the burden of micronutrient deficiencies among adolescent girls \[[@B18-nutrients-12-02426]\]. The prevalence of vitamin deficiency in lower social development index countries is 20% among younger adolescent girls and 18% among older adolescent girls \[[@B18-nutrients-12-02426]\]. Physical growth among adolescents is a key indicator of their health status, the prevalence of underweight among adolescent and children (5 to 19 years old) is 8.4% for girls and 2.4% for boys \[[@B19-nutrients-12-02426]\]. A global school-based student health survey reveals that 4% of girls 13 to 15 years old are underweight. More than 10% of adolescent girls in Vietnam, Bangladesh, Mauritius, Maldives, Sudan and Cambodia are underweight \[[@B18-nutrients-12-02426]\]. There was limited information on stunting among adolescents especially girls; the prevalence of stunting among adolescent girls in Guatemala is 52%, Brazil 6%, Bangladesh 44%, and Kenya 8%, respectively \[[@B17-nutrients-12-02426]\]. The growth of adolescents is a window of opportunity for intervention aimed at improving their health and nutritional status in reducing the burden of malnutrition among these age groups \[[@B5-nutrients-12-02426]\].

Globally, the prevalence of overweight has increased from less than 1% in 1975 to 5% among girls and 8% among boys in 2016, while the prevalence of obesity has increased in all the regions of the world, with the largest increase of about 400% per decade from 1975 in southern Africa \[[@B5-nutrients-12-02426],[@B19-nutrients-12-02426]\]. The trend of over-nutrition amplified from 5 million in 1975 to 50 million in 2016 among girls, and 6 million in 1975 to 74 million in 2016 among boys globally \[[@B19-nutrients-12-02426]\]. Undernutrition and overnutrition among adolescents in over 200 countries from 1975 to 2016 were found to be over 31 million. This shows the accelerating increase in the burden of malnutrition globally \[[@B8-nutrients-12-02426]\].

Adolescence also is a unique point of intervention as people of this age group are more receptive to changes in lifestyle that may determine their life course later \[[@B4-nutrients-12-02426]\]. Previous studies showed that adolescents have poor knowledge, attitudes and practices about malnutrition and dietary intake \[[@B10-nutrients-12-02426],[@B14-nutrients-12-02426],[@B20-nutrients-12-02426],[@B21-nutrients-12-02426]\]. Providing them with knowledge about malnutrition could prevent them from malnutrition and related illnesses later in life. Studies have recommended the provision of health education and behavioral change intervention in order to prevent and reduce malnutrition among adolescents \[[@B22-nutrients-12-02426]\]. Such interventions include information on food groups, food diversity, food sources rich in micronutrients, hygiene, sanitation and consequences of malnutrition in later life \[[@B23-nutrients-12-02426],[@B24-nutrients-12-02426],[@B25-nutrients-12-02426]\]. Enhancing health education interventions on knowledge, attitudes and practices, especially among adolescents, is potentially important in reducing malnutrition and mitigating short and long term consequences associated with health outcomes and those of their future offspring. There is a dearth of information on the evaluation of study characteristics and the overall quality of evidence of intervention studies in improving knowledge, attitudes and practices among adolescents. This systematic review aimed to determine the effectiveness of health education intervention on improving knowledge, attitudes and practices of adolescents on malnutrition.

2. Materials and Methods {#sec2-nutrients-12-02426}
========================

2.1. Search Method {#sec2dot1-nutrients-12-02426}
------------------

This systematic review used the Preferred Reporting Item for Systematic review and Meta-analysis guidelines (PRISMA) \[[@B18-nutrients-12-02426]\]. A search was conducted on electronic data bases. These include PubMed, Scopus, Clinical Trials, CINAHL, SAGE, EMBASE and Medline between January 2013 and December 2019 to review the latest health education intervention on knowledge, attitudes and practices of adolescents on malnutrition. Including the most recent health education intervention in this study will serve as a guide for intervention studies in this contemporary dispensation whereby the study protocols are in line with changing trends in both behavior and lifestyle. The search process was conducted using the following keywords: (health education OR nutrition education OR nutrition information OR dietary information OR school based intervention OR intervention) AND (knowledge OR attitude OR practice) AND (adolescents OR teenagers OR children OR students OR secondary school children) AND (Nutrition OR Malnutrition OR under nutrition OR inadequate dietary intake OR over nutrition OR obese). The study protocol was registered in PROSPERO (international database of prospectively registered systematic reviews) under the study identification code CRD42019128882.

2.2. Eligibility Criteria {#sec2dot2-nutrients-12-02426}
-------------------------

Eligibility criteria were according to PICOS (population, intervention, comparison, outcome, and study design).

1.  Adolescents age 10 to 19 years old with a minimum study population of 50. Study population below the age of 10 years and above 19 years were excluded from the study.

2.  Interventions on nutrition, healthy eating/diet, dietary intake, anemia, fruits and vegetables were included in the study.

3.  A comparison group with no intervention or given other trial interventions were included. Studies with no direct comparison group, such as quasi experimental studies, were excluded from the study.

4.  Studies with knowledge or attitude or practice as the study outcome were included.

5.  Randomized controlled trials/clustered randomized control trials were included in the study. Studies with quasi experimental studies, non-randomized controlled trials, or the study design not mentioned were excluded.

Other report characteristics include (i) Studies in English language, (ii) Studies published between January 2013 and December 2019, were included. Studies excluded include (i) studies with irrelevant title not related to research topic, (ii) studies not available (only abstract), (iii) literature reviews or systemic reviews, (iv) qualitative study, (v) books, conference proceedings, reports, (vi) thesis, (vii) case studies.

2.3. Data Extraction {#sec2dot3-nutrients-12-02426}
--------------------

The Preferred Reporting Item for Systematic Review and Meta-analysis (PRISMA) diagram was used to summarize the search item presented in [Figure 1](#nutrients-12-02426-f001){ref-type="fig"}. A total of 42,216 were identified, with 41,834 excluded because they were duplicates, conference proceedings, had irrelevant titles, were not available in the English language, did not have the correct study population, or were reviews. Out of the 233 articles retrieved, 168 were excluded based on the abstract. A total of 65 studies were further assessed and 57 studies were excluded based on age group, not being a randomized controlled trial, the study design not being mentioned, the outcome not aiming at improving knowledge or attitude or practice, the studies not being on health or nutrition education intervention, and not being related to malnutrition. A total of eight studies were included in the final analysis. Studies were screened by two independent reviewers (R.C.S and L.P.Y) and disagreements among the reviewers were resolved by mediators (S.B.I, N.A and I.A.N).

2.4. Quality Assessment of the Study {#sec2dot4-nutrients-12-02426}
------------------------------------

Two assessment tools, including (1) Cochrane Collaboration Risk of Bias Tool, and (2) Grading of Recommendations, Assessment, Development and Evaluation (GRADE) were used to evaluate all the intervention studies. The two assessment tools are described below.

### 2.4.1. Risk of Bias {#sec2dot4dot1-nutrients-12-02426}

The Cochrane Risk of Bias Assessment Tool was used to evaluate the types of bias in each of the studies presented in [supplementary Table S1](#app1-nutrients-12-02426){ref-type="app"}. The Cochrane Collaboration Risk of Bias Tool scale contains 12 items, which assess the internal and external validity of studies. The review evaluated and rated the 12 items. Items rated 'yes' were scored as '1′, while no or unable to determine or unclear or non-applicable were all scored as '0′. Higher scores and percentages indicate a lower risk of bias. The level of bias within each category for each study was rated as 'high risk' or 'low risk'. Each criterion had equal weight, or the same value; the total score was calculated as the percentage of the maximum value obtained. Studies with scores above the mean score were considered to have a low risk of bias, while studies below the mean value are considered to have a high risk of bias \[[@B26-nutrients-12-02426],[@B27-nutrients-12-02426],[@B28-nutrients-12-02426],[@B29-nutrients-12-02426]\].

### 2.4.2. GRADE Quality Assessment {#sec2dot4dot2-nutrients-12-02426}

GRADE is a systematic approach used in developing and presenting summaries on the quality of evidence across studies and thus helps in making recommendations \[[@B30-nutrients-12-02426]\]. The quality of evidence is evaluated based on the type of evidence, quality points, consistency, directness and effect size \[[@B30-nutrients-12-02426],[@B31-nutrients-12-02426]\]. The final score of at least four points indicates high quality of evidence, three points reflects moderate quality of evidence, two points suggests low quality of evidence, and one point represents a very low quality of evidence.

2.5. Intervention Intensity {#sec2dot5-nutrients-12-02426}
---------------------------

Intervention intensity was used to identify its association with the effectiveness of the intervention. The intensity of each intervention was represented as high or medium or low intensity, adopted from recent reviews \[[@B32-nutrients-12-02426],[@B33-nutrients-12-02426]\]. The intervention was assessed on a five (5) point Likert scale ranging from (1 = low, 2 = low medium, 3 = medium, 4 = medium high, 5 = high) based on four characteristics of the intervention \[[@B32-nutrients-12-02426],[@B33-nutrients-12-02426]\]:The duration of the intervention. This shows the length of the intervention (1 = ≤6 weeks, 2 = 6 to 11 weeks, 3 = 12 weeks to 5 months, 4 = 6 to 12 months, 5 = ≥12 months).The frequency of contact with the intervention. This assessed the frequency of contact between the intervention and the participants. In cases where the intervention used more than one contact, the average score of contact was calculated. The score on frequency of contact ranges from (1 = annually, 2 = bimonthly to quarterly, 3 = monthly, 4 = weekly, 5 = daily).Type of contact (level of personalization). This assessed the type and the level of contact with the intervention. 1 = environmental, 2 = adolescent only, 3 = group (adolescents and teachers), 4 = group (adolescents and parents), 5 = group (adolescents and parents and teachers and community).The reach of the intervention strategies. This assessed the different settings used where 1 = one setting, 3 = two settings and 5 = three or more settings. The larger the number of settings in the intervention, the greater the intensity of the intervention.

The total intensity score of the intervention was based on the four characteristics that sum up the overall intensity score of 20. The total intervention intensity score of ≤10.5 was considered as low intervention intensity, 10.51 to 13.49 was considered as medium intervention intensity, ≥13.5 was considered as high intervention intensity \[[@B33-nutrients-12-02426]\].

3. Results {#sec3-nutrients-12-02426}
==========

3.1. Search Findings {#sec3dot1-nutrients-12-02426}
--------------------

### 3.1.1. Study Characteristics {#sec3dot1dot1-nutrients-12-02426}

The eight studies were summarized based on authors/year of study/country/study design, study settings/duration of intervention, target population/theory used, description of the intervention, outcome assessed/statistical significance of the outcome, effect size, and effectiveness of the intervention ([Table 1](#nutrients-12-02426-t001){ref-type="table"}).

### 3.1.2. Country and Study Design {#sec3dot1dot2-nutrients-12-02426}

Out of the eight studies included, four were from high income countries \[[@B35-nutrients-12-02426],[@B36-nutrients-12-02426],[@B39-nutrients-12-02426],[@B40-nutrients-12-02426]\], two from middle income countries \[[@B37-nutrients-12-02426],[@B38-nutrients-12-02426]\], and two from low income countries \[[@B34-nutrients-12-02426],[@B41-nutrients-12-02426]\]. Three of the studies were individual randomized controlled trials \[[@B34-nutrients-12-02426],[@B36-nutrients-12-02426],[@B41-nutrients-12-02426]\] and five were clustered randomized controlled trials \[[@B35-nutrients-12-02426],[@B37-nutrients-12-02426],[@B38-nutrients-12-02426],[@B39-nutrients-12-02426],[@B40-nutrients-12-02426]\].

### 3.1.3. Setting and Target Population {#sec3dot1dot3-nutrients-12-02426}

From the eight studies reviewed, five studies were school-based interventions involving only the adolescents \[[@B35-nutrients-12-02426],[@B36-nutrients-12-02426],[@B37-nutrients-12-02426],[@B38-nutrients-12-02426],[@B41-nutrients-12-02426]\]; where three studies were curriculum interventions (incorporated into the school curriculum) \[[@B37-nutrients-12-02426],[@B38-nutrients-12-02426]\], two were non-curriculum interventions, which were offered as after school programs \[[@B35-nutrients-12-02426],[@B36-nutrients-12-02426]\], one was a school-based intervention but did not mention whether it was a curriculum-based intervention or non-curriculum intervention \[[@B41-nutrients-12-02426]\]. Two were community-based interventions \[[@B34-nutrients-12-02426],[@B39-nutrients-12-02426]\], and one study was conducted in a recreational center, which included some kind of family and community involvement \[[@B40-nutrients-12-02426]\]. Four studies targeted only girls \[[@B34-nutrients-12-02426],[@B38-nutrients-12-02426],[@B39-nutrients-12-02426],[@B41-nutrients-12-02426]\], and four studies targeted both boys and girls \[[@B35-nutrients-12-02426],[@B36-nutrients-12-02426],[@B37-nutrients-12-02426],[@B40-nutrients-12-02426]\].

### 3.1.4. Duration, Approaches and Contents of Intervention {#sec3dot1dot4-nutrients-12-02426}

The duration of the intervention varied significantly from three weeks \[[@B39-nutrients-12-02426]\], five weeks \[[@B36-nutrients-12-02426]\], three months \[[@B35-nutrients-12-02426],[@B41-nutrients-12-02426]\], six months \[[@B37-nutrients-12-02426]\], eight months \[[@B38-nutrients-12-02426],[@B40-nutrients-12-02426]\] and two years \[[@B34-nutrients-12-02426]\]. Only one study had a follow up of 8--12 weeks \[[@B39-nutrients-12-02426]\].

The health education intervention included the following approaches and contents: (i.) Personal or group discussion \[[@B34-nutrients-12-02426]\]. (ii.) Peer leaders, club/peer support activities and social marketing \[[@B36-nutrients-12-02426],[@B37-nutrients-12-02426]\]. (iii.) In-class components, school components, family/community components \[[@B37-nutrients-12-02426],[@B38-nutrients-12-02426]\]. (iv.) Observational modelling, persuasive communication and active learning \[[@B39-nutrients-12-02426]\]. (v.) Taste test, cooking demonstration \[[@B35-nutrients-12-02426],[@B36-nutrients-12-02426],[@B40-nutrients-12-02426]\]. (vi.) Physical activities \[[@B35-nutrients-12-02426],[@B38-nutrients-12-02426]\]. (vii.) Videos, and lectures \[[@B34-nutrients-12-02426],[@B35-nutrients-12-02426],[@B36-nutrients-12-02426],[@B37-nutrients-12-02426],[@B38-nutrients-12-02426],[@B39-nutrients-12-02426],[@B40-nutrients-12-02426],[@B41-nutrients-12-02426]\]. Topics included food groups, food sources, food pyramid, balanced diet, nutrition deficiency, food safety, dietary diversity, hygiene and sanitation, fruits and vegetables, sport nutrition, and physical activities \[[@B34-nutrients-12-02426],[@B35-nutrients-12-02426],[@B36-nutrients-12-02426],[@B37-nutrients-12-02426],[@B38-nutrients-12-02426],[@B39-nutrients-12-02426],[@B40-nutrients-12-02426],[@B41-nutrients-12-02426]\].

### 3.1.5. Sample Size, Control Group, Effect Size, Attrition Rate {#sec3dot1dot5-nutrients-12-02426}

The sample size for the intervention studies ranged from small groups of adolescents (*n* = 89 each) \[[@B39-nutrients-12-02426],[@B41-nutrients-12-02426]\], (*n* = 130) \[[@B37-nutrients-12-02426]\], to large groups of adolescents (*n* = 432, *n* = 500, *n* = 1784, *n* = 2279, *n* = 4022) \[[@B34-nutrients-12-02426],[@B35-nutrients-12-02426],[@B36-nutrients-12-02426],[@B38-nutrients-12-02426],[@B40-nutrients-12-02426]\] that participated in the intervention program. Seven studies did not mention activities or programs provided to control groups \[[@B34-nutrients-12-02426],[@B36-nutrients-12-02426],[@B37-nutrients-12-02426],[@B38-nutrients-12-02426],[@B39-nutrients-12-02426],[@B40-nutrients-12-02426],[@B41-nutrients-12-02426]\]. Only one study mentioned a normal after school activity (homework, arts and crafts) given by their teacher after school hours to the control group \[[@B35-nutrients-12-02426]\]. Only one intervention study provided information on calculated effect size \[[@B38-nutrients-12-02426]\]. Four out of the eight studies mentioned the inclusion of attrition rate in the sample size calculation as 10% \[[@B38-nutrients-12-02426],[@B41-nutrients-12-02426]\], and 20% \[[@B35-nutrients-12-02426],[@B39-nutrients-12-02426]\].

### 3.1.6. The Use of Theory {#sec3dot1dot6-nutrients-12-02426}

Two out of the eight studies reviewed defined a behavioral theory for the intervention i.e., diffusion innovation theory \[[@B36-nutrients-12-02426]\] and theory of planned behavior \[[@B39-nutrients-12-02426]\]. However, there was no explanation on how the constructs of these theories were used in the studies. The remaining six studies were not theory-based studies \[[@B34-nutrients-12-02426],[@B35-nutrients-12-02426],[@B37-nutrients-12-02426],[@B38-nutrients-12-02426],[@B40-nutrients-12-02426],[@B41-nutrients-12-02426]\].

### 3.1.7. Intervention Intensity {#sec3dot1dot7-nutrients-12-02426}

The overall rating categories of intervention intensity are presented in [Table 2](#nutrients-12-02426-t002){ref-type="table"}. In this review, four studies were rated as low intensity \[[@B34-nutrients-12-02426],[@B35-nutrients-12-02426],[@B39-nutrients-12-02426],[@B41-nutrients-12-02426]\], two studies were rated as medium intensity \[[@B36-nutrients-12-02426],[@B37-nutrients-12-02426]\], two studies were rated as high intensity \[[@B38-nutrients-12-02426],[@B40-nutrients-12-02426]\].

Three studies with low intensity were effective with statistically significant (*p* \< 0.05) improvement in knowledge, attitudes and practices among adolescent girls \[[@B34-nutrients-12-02426],[@B41-nutrients-12-02426],[@B42-nutrients-12-02426]\]. Only one study with low intervention intensity was ineffective with *p* \> 0.05 \[[@B35-nutrients-12-02426]\]. The remaining studies with medium intervention intensity \[[@B36-nutrients-12-02426],[@B37-nutrients-12-02426],[@B43-nutrients-12-02426]\] and high intervention intensity reported statistically significant (*p* \< 0.05) improvement in knowledge, attitudes and practices \[[@B38-nutrients-12-02426],[@B40-nutrients-12-02426]\].

The duration of the intervention varied significantly from three weeks \[[@B35-nutrients-12-02426]\], five weeks \[[@B33-nutrients-12-02426]\], three months \[[@B32-nutrients-12-02426],[@B37-nutrients-12-02426]\], six months \[[@B40-nutrients-12-02426]\], eight months \[[@B36-nutrients-12-02426],[@B39-nutrients-12-02426]\] and two years \[[@B38-nutrients-12-02426]\]. Only one study had a follow up of 8--12 weeks \[[@B35-nutrients-12-02426]\].

The frequency of contact was not mentioned in two studies \[[@B34-nutrients-12-02426],[@B38-nutrients-12-02426]\]. Monthly participant contact was effective in one study \[[@B40-nutrients-12-02426]\] but was not effective in another study \[[@B35-nutrients-12-02426]\]. All the remaining studies with the frequency of contact ranging from annually, bi-monthly to quarterly, weekly and daily were effective \[[@B36-nutrients-12-02426],[@B37-nutrients-12-02426],[@B39-nutrients-12-02426],[@B40-nutrients-12-02426],[@B41-nutrients-12-02426]\].

The level of personalization with only adolescent girls was not effective in one study \[[@B35-nutrients-12-02426]\] but was effective in the remaining three studies \[[@B34-nutrients-12-02426],[@B39-nutrients-12-02426],[@B41-nutrients-12-02426]\]. Studies that involved groups of either adolescents and teachers \[[@B36-nutrients-12-02426],[@B37-nutrients-12-02426]\] or adolescents and parents \[[@B40-nutrients-12-02426]\] or adolescents, teachers and parents \[[@B38-nutrients-12-02426]\] were all effective in improving knowledge, attitudes and practices of adolescents.

Studies that involved only one setting were effective in improving knowledge, attitudes and practices in five studies \[[@B34-nutrients-12-02426],[@B35-nutrients-12-02426],[@B37-nutrients-12-02426],[@B39-nutrients-12-02426],[@B41-nutrients-12-02426]\] out of five studies. Two studies that involved two settings \[[@B36-nutrients-12-02426],[@B40-nutrients-12-02426]\] and a study with three or more settings demonstrated significant improvement in knowledge, attitudes and practices of adolescents towards malnutrition \[[@B38-nutrients-12-02426]\].

3.2. Quality of Reporting {#sec3dot2-nutrients-12-02426}
-------------------------

### 3.2.1. Risk of Bias {#sec3dot2dot1-nutrients-12-02426}

All the eight intervention studies included in this review were assessed for risk of bias \[[@B34-nutrients-12-02426],[@B35-nutrients-12-02426],[@B36-nutrients-12-02426],[@B37-nutrients-12-02426],[@B38-nutrients-12-02426],[@B39-nutrients-12-02426],[@B40-nutrients-12-02426],[@B41-nutrients-12-02426]\]. The summary of the risk of bias by authors and the judgment of each risk of bias item were presented in [Table 3](#nutrients-12-02426-t003){ref-type="table"}. The average score of the eight studies reviewed was 5.1; studies with total score ≥ 5.1 were considered low risk of bias. Three studies were rated with low risk of bias \[[@B35-nutrients-12-02426],[@B38-nutrients-12-02426],[@B39-nutrients-12-02426]\], while the remaining five studies were rated as studies with high risk of bias \[[@B34-nutrients-12-02426],[@B36-nutrients-12-02426],[@B37-nutrients-12-02426],[@B40-nutrients-12-02426],[@B41-nutrients-12-02426]\]. Four studies mentioned the reliability of the study instruments \[[@B35-nutrients-12-02426],[@B37-nutrients-12-02426],[@B39-nutrients-12-02426],[@B40-nutrients-12-02426]\]. Seven studies had participant retention rates of ≥70% \[[@B34-nutrients-12-02426],[@B35-nutrients-12-02426],[@B36-nutrients-12-02426],[@B37-nutrients-12-02426],[@B38-nutrients-12-02426],[@B39-nutrients-12-02426],[@B41-nutrients-12-02426]\].

### 3.2.2. Grades of Recommendation, Assessment, Development and Evaluation (GRADE) {#sec3dot2dot2-nutrients-12-02426}

All the eight studies were included in the GRADE analysis \[[@B34-nutrients-12-02426],[@B35-nutrients-12-02426],[@B36-nutrients-12-02426],[@B37-nutrients-12-02426],[@B38-nutrients-12-02426],[@B39-nutrients-12-02426],[@B40-nutrients-12-02426],[@B41-nutrients-12-02426]\]. The summary of the individual studies was presented in [Table 4](#nutrients-12-02426-t004){ref-type="table"}. The quality of evidence based on GRADE in Abdur Razzak et al. (2016) was low, with a low quality point (no follow up and did not mention blinding, allocation concealment and attrition rate), moderate consistency and directness, and did not mention effect size \[[@B34-nutrients-12-02426]\]. Lachausse (2017) had moderate quality of evidence, moderate quality point (no follow up, did not mention blinding and allocation concealment and had a response rate of more than 70%), moderate consistency and directness and did not mention effect size \[[@B35-nutrients-12-02426]\]. Bogart et al. (2014) had moderate quality of evidence, with moderate quality point (no follow up, mentioned blinding, did not mention allocation concealment and attrition rate), moderate consistency, high quality of directness but did not mention effect size \[[@B36-nutrients-12-02426]\]. Wang et al. (2015) had low quality of evidence, with low quality point (no follow up, did not mention blinding, allocation concealment and attrition rate), moderate quality of consistency and directness and did not mention effect size \[[@B37-nutrients-12-02426]\]. Saraf et al. (2014) had high quality of evidence, moderate quality point (no follow up, mentioned blinding, did not mention allocation concealment and had response rate of more than 70%), moderate quality of the use of effect size, high quality consistency and directness \[[@B38-nutrients-12-02426]\]. Laram et al. (2017) had moderate quality of evidence, moderate quality point (there was a follow up, did not mention blinding and allocation concealment, the study had a response rate of \>70% and a population of less than 200), consistency and directness with very low quality of the use of effect size \[[@B39-nutrients-12-02426]\]. Shin et al. (2015) showed low quality of evidence, low quality point (no follow up, did not mention blinding and allocation concealment, the study had a response rate of \<70% and had a population of less than 200), moderate quality of consistency and directness, high quality of the use of effect size \[[@B40-nutrients-12-02426]\]. Jalambo et al. (2017) revealed low quality of evidence, very low quality point (no follow up, did not mention blinding and allocation concealment, the study revealed a response rate of \>70% and had a population of less than 200), moderate consistency and directness and very low quality of the use of effect size \[[@B41-nutrients-12-02426]\].

The overall quality of evidence across the eight studies was moderate with an overall score of three \[[@B34-nutrients-12-02426],[@B35-nutrients-12-02426],[@B36-nutrients-12-02426],[@B37-nutrients-12-02426],[@B38-nutrients-12-02426],[@B39-nutrients-12-02426],[@B40-nutrients-12-02426],[@B41-nutrients-12-02426]\]. All studies received a score 4 as all the studies reviewed were RCT studies. The quality point was low. The consistency of the overall intervention evidence was moderate with seven out of the eight studies being effective.

3.3. Effect of the Intervention {#sec3dot3-nutrients-12-02426}
-------------------------------

### 3.3.1. Knowledge {#sec3dot3dot1-nutrients-12-02426}

Seven \[[@B34-nutrients-12-02426],[@B36-nutrients-12-02426],[@B37-nutrients-12-02426],[@B39-nutrients-12-02426],[@B40-nutrients-12-02426],[@B41-nutrients-12-02426]\] out of the eight studies reported statistically significant effects in improving knowledge, as presented in [Table 2](#nutrients-12-02426-t002){ref-type="table"}. There were significant changes in knowledge on malnutrition, food groups, food types, food pyramid, good sources of iron, food preparation, balanced diet, healthy food purchasing, healthy beverages, healthy snacks, iron deficiency anemia, fruit, and vegetables, from baseline to post intervention \[[@B34-nutrients-12-02426],[@B35-nutrients-12-02426],[@B36-nutrients-12-02426],[@B37-nutrients-12-02426],[@B38-nutrients-12-02426],[@B39-nutrients-12-02426],[@B40-nutrients-12-02426],[@B41-nutrients-12-02426]\] and follow up \[[@B39-nutrients-12-02426]\] among the intervention group.

### 3.3.2. Attitude {#sec3dot3dot2-nutrients-12-02426}

The impact of the health education and nutrition education intervention was statistically significant in five studies \[[@B34-nutrients-12-02426],[@B36-nutrients-12-02426],[@B37-nutrients-12-02426],[@B39-nutrients-12-02426],[@B41-nutrients-12-02426]\]. These included attitude towards importance of nutrition to health, importance of developing healthy dietary habits, food with an expired date, heme-iron intake and vitamin C, willingness to protect themselves against iron deficiency anemia, eating food, cafeteria attitude, drinking tap water, voluntary skipping of meals and avoiding meat products \[[@B34-nutrients-12-02426],[@B36-nutrients-12-02426],[@B37-nutrients-12-02426],[@B39-nutrients-12-02426],[@B41-nutrients-12-02426]\] [Table 2](#nutrients-12-02426-t002){ref-type="table"}.

### 3.3.3. Practice {#sec3dot3dot3-nutrients-12-02426}

Seven \[[@B34-nutrients-12-02426],[@B36-nutrients-12-02426],[@B37-nutrients-12-02426],[@B39-nutrients-12-02426],[@B40-nutrients-12-02426],[@B41-nutrients-12-02426]\] out of the eight studies had statistically significant improvement from the outcome of the health and nutrition education intervention. These included practice towards improved meal frequency, taking of iron tablets, fruit and vegetable consumption, healthy eating, dietary diversity and adequate water consumption \[[@B34-nutrients-12-02426],[@B36-nutrients-12-02426],[@B37-nutrients-12-02426],[@B39-nutrients-12-02426],[@B41-nutrients-12-02426]\].

4. Discussion {#sec4-nutrients-12-02426}
=============

The review was intended to identify the characteristics of the effect of health and nutrition education intervention aimed at improving knowledge, attitudes and practices on malnutrition among adolescents. The review systematically identified and summarized the characteristics of the effect of health/nutrition education intervention in improving knowledge, attitudes and practices of adolescents on malnutrition \[[@B34-nutrients-12-02426],[@B35-nutrients-12-02426],[@B36-nutrients-12-02426],[@B37-nutrients-12-02426],[@B38-nutrients-12-02426],[@B39-nutrients-12-02426],[@B40-nutrients-12-02426],[@B41-nutrients-12-02426]\].

Seven studies (87.5%) included in the review reported effectiveness of the intervention in increasing knowledge, attitudes and practices (*p* \< 0.05) among adolescents, either through school-based intervention or community-based intervention or using both school and community-based intervention. This was in line with studies conducted in China and Italy \[[@B44-nutrients-12-02426],[@B45-nutrients-12-02426],[@B46-nutrients-12-02426]\].

Evidence exists that the use of theory in developing health education modules with effective learning skills effectively improved knowledge, attitudes and practices, thereby possibly decreasing the risk factors associated with pre-adolescent and adolescent malnutrition \[[@B46-nutrients-12-02426],[@B47-nutrients-12-02426],[@B48-nutrients-12-02426],[@B49-nutrients-12-02426]\]. One study reported ineffectiveness resulting from low quality of the intervention delivery that led to low response from participants. The ineffectiveness of the intervention can be associated with the absence of an underlying theory of behavioral change. Studies have suggested that effective interventions that are theory-based provide opportunities for participants to learn and practice skills through interactive teaching, role play, videos, play competition and demonstration aimed at changing their behavioral practice \[[@B50-nutrients-12-02426],[@B51-nutrients-12-02426],[@B52-nutrients-12-02426]\].

Interventions to improve knowledge, attitudes, practices and the nutritional status of adolescent have significantly improved nutritional status and healthy behaviors among adolescents. However, it must be noted that most of the studies (six out of eight) (*n* = 6) were centered in developed countries (high income countries) limiting the generalizability since most of the findings were from high income countries. It is necessary to implement intervention that has evidence significance in low and middle income countries that have a higher burden of malnutrition, food security and hygiene, with a strong focus on the health and nutritional needs of adolescent girls. Health education intervention on malnutrition will improve the health status of adolescents now, when they become adults, and for the optimal growth and development of their offspring to prevent the cycle of intergenerational transmission of malnutrition in adolescents. The effectiveness of the intervention in this review concurs with evidence from systematic reviews that showed statistically significant improvement in knowledge, attitudes and practices \[[@B53-nutrients-12-02426],[@B54-nutrients-12-02426],[@B55-nutrients-12-02426],[@B56-nutrients-12-02426]\]. The effectiveness of the intervention in this review also concurs with other health education interventions on the knowledge, attitudes and practices regarding physical health, psychosocial health and reproductive health among adolescents in India, Saudi Arabia and Zimbabwe \[[@B57-nutrients-12-02426],[@B58-nutrients-12-02426],[@B59-nutrients-12-02426]\].

Seven out of nine studies reviewed were school-based interventions targeting adolescent girls that are in schools, indicating the scarcity of community-based intervention among adolescent girls; this is in line with previous studies targeting school settings \[[@B26-nutrients-12-02426]\]. More studies should include community-based intervention to target the marginalized adolescents who are not in school, either through the youth centers, the community clinics and the compound of the community leader/stakeholder. Intervention to reduce the risk of malnutrition should be implemented through the community platforms in low and middle income countries since addressing the burden of malnutrition is indirectly related to poverty, environmental sanitation and hygiene, infection, poor education and literacy \[[@B60-nutrients-12-02426],[@B61-nutrients-12-02426],[@B62-nutrients-12-02426]\].

Intervention intensity analysis was used to relate the effectiveness of intervention. Two interventions targeting adolescents, parents, teachers and the community recorded the highest intervention intensity scores and all demonstrated effectiveness, while four interventions targeting only adolescents had low intervention intensity scores, with three out of the four studies being effective and one being ineffective. This was similar to a study conducted in Tunisia, Italy, Greece, Australia and Brazil, which reveals that studies of adolescents with family members and teachers inclusive were effective in improving knowledge, attitudes and practices towards physical education, health makers, school food aid and social cognitive mediators \[[@B46-nutrients-12-02426],[@B63-nutrients-12-02426],[@B64-nutrients-12-02426],[@B65-nutrients-12-02426],[@B66-nutrients-12-02426]\]. In line with this, the study in Michigan involving adolescents, teachers, and the state board of education was effective in improving student dietary intake \[[@B67-nutrients-12-02426]\]. The results from this review show that there is a strong parental influence on adolescents. There is need to support the inclusion of parents and adolescents in interventions aiming to increase their knowledge, attitudes and practices. Considering the characteristics of intervention intensity, there was no evident association between intervention duration or frequency of contact and overall effectiveness of intervention. In contrast, the level of personalization and the reach of intervention (intervention settings) show an association with overall effectiveness of intervention.

Most of the studies have sufficient participant retention rates ranging from 73% to 96% \[[@B34-nutrients-12-02426],[@B35-nutrients-12-02426],[@B36-nutrients-12-02426],[@B37-nutrients-12-02426],[@B38-nutrients-12-02426],[@B39-nutrients-12-02426],[@B41-nutrients-12-02426]\], with only one having a retention rate below 70% \[[@B40-nutrients-12-02426]\]. Only one study used intention to treat analysis \[[@B35-nutrients-12-02426]\], and five studies used subjective reporting \[[@B34-nutrients-12-02426],[@B35-nutrients-12-02426],[@B37-nutrients-12-02426],[@B38-nutrients-12-02426],[@B39-nutrients-12-02426],[@B41-nutrients-12-02426]\], while the three remaining studies used both objective and subjective tools such as a stadiometer and electronic scale \[[@B36-nutrients-12-02426],[@B40-nutrients-12-02426],[@B41-nutrients-12-02426]\], one study used blood parameters but the instrument and procedures were not mentioned in the study \[[@B41-nutrients-12-02426]\]. Two studies did not mention about seeking parental consent. The principle of respect requires parents to exercise voluntary choice in their child's participation in any research \[[@B68-nutrients-12-02426]\]. High risk of bias was reported in 62.5% of the studies reviewed. This concurs with a systematic review that reported 50% high risk of bias \[[@B33-nutrients-12-02426]\].

The overall quality of evidence based on GRADE criteria was moderate. This demonstrates the reliability of the overall intervention process and conclusion. This suggests the need to (i) improve the standards and procedures in intervention design and outcome reporting in randomized controlled trials to support the identification of important outcomes that are relevant to the study population. (ii) Iidentify the outcomes that have the tendency of improving the effectiveness of health/nutrition education interventions. (iii) To enable the comparison of the methodology of the study in order to determine the factors that promote the effectiveness of health/nutrition education interventions among adolescents. Improving on the methodological quality, such as random sequence generators, allocation concealment, blinding of participants, management of how drop out, the inclusion of objective reporting, and follow up after intervention, will increase the quality of the study and also the overall study outcome.

More context-specific and relevant studies should be conducted in middle and low income countries since these settings bear more burden of malnutrition globally and early marriage, especially among adolescent girls, is high in these settings. Most adolescent girls in low and middle income countries go into motherhood with little or no knowledge about malnutrition and its consequences; focusing on adolescent girls is not only important for her but also for her children in the near future in preventing the cycle of intergenerational transmission of malnutrition. Furthermore, most of the interventions targeted both adolescent boys and girls; intervention studies should be gender sensitive in some settings to help close the gap that exists within these age groups.

The limitations of the review include limited available information on malnutrition-specific interventions among adolescents in low and middle income countries, no specific intervention studies addressing pregnant adolescents within the age range of 10 to 19 years, lack of intervention studies targeting adolescent girls from minority populations, limited intervention studies designed for community-based settings to target adolescent girls that are not in school, and there were no intervention studies targeting married adolescent girls. Randomized controlled trials should have post-intervention follow-ups to ensure the sustainability of the intervention. Future studies should include post-intervention follow-ups in their study protocol. Furthermore, future studies should focus on underprivileged low and middle income populations either through school-based or community-based interventions.

5. Conclusions {#sec5-nutrients-12-02426}
==============

Health and nutrition education interventions to improve knowledge, attitudes and practices on malnutrition demonstrated variable success. Three out of eight studies had low risk of bias, and the overall evidence of the review was moderate. The evidence presented in this review has identified characteristics that may contribute to the effectiveness of interventions in increasing knowledge, attitudes and practices of adolescents towards malnutrition. The overall evidence from this review reveals the need to improve the standards and procedures in intervention design, in randomized controlled trials, to improve their effectiveness.
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nutrients-12-02426-t001_Table 1

###### 

Summary of intervention to improve knowledge, attitudes and practices among adolescents on malnutrition.

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Author, Year, Country, Study Design                                                                               Settings/Duration/Frequency of Intervention   Target Population/Theory                       Description of the Intervention\                                                                                                                                                                                                                                                                                                                                              Outcome Assessed, Significance                                                                                                   Effect Size ^2^   Effective (Y/N) ^1^
                                                                                                                                                                                                                 (I: Intervention, C: Control)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    
  ----------------------------------------------------------------------------------------------------------------- --------------------------------------------- ---------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------------- ----------------- ---------------------
  Abdur Razzak et al., 2016 \[[@B34-nutrients-12-02426]\] Bangladesh, RCT ^3^.                                      Community-based/\                             10 to 19 years old girls\                      I: Nutrition education was communicated through group or personal discussion (malnutrition, dietary diversity, food taboos, hygiene and sanitation) to adolescent girls using charts, leaflets, posters.                                                                                                                                                                      Knowledge (*p* \< 0.001)\                                                                                                        ND                Y
                                                                                                                    2 years/NM                                    (*n* = 250)\                                                                                                                                                                                                                                                                                                                                                                                                                 Attitude (*p* \< 0.05)\                                                                                                                            
                                                                                                                                                                  No theory                                                                                                                                                                                                                                                                                                                                                                                                                    Practice (*p* \< 0.05)\                                                                                                                            
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               Anthropometric (*p* \< 0.05)\                                                                                                                      
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               Reported pre and post-test intervention changes in nutritional status.                                                                             

  C: No action was provided to control group                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  Lachausse, 2017 \[[@B35-nutrients-12-02426]\] USA, CRCT ^4^                                                       School-based (after school program)/\         Grade 4 to 6 boys and girls,\                  I: Harvest of the month (HOTM) nutrition education program on fruits and vegetables consumption, and physical activities including fruits and vegetable tasting, students work book, nutritional information presentations, story books, farm to school presentation, HOTM newsletter for parents, menu slicks, and cafeteria posters                                         Knowledge (*p* \> 0.05)\                                                                                                         ND                N
                                                                                                                    3 months/Monthly                              (*n* = 275)\                                                                                                                                                                                                                                                                                                                                                                                                                 Self-efficacy (*p* \> 0.05)\                                                                                                                       
                                                                                                                                                                  No theory                                                                                                                                                                                                                                                                                                                                                                                                                    Reported pre and post-test on fruit and vegetable consumption, knowledge, and self-efficacy on fruit and vegetable consumption                     

  C: Normal after school activity (homework tutorial, arts and crafts) as assigned by their after school teacher.                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

  Bogart et al., 2014 \[[@B36-nutrients-12-02426]\], USA, RCT ^3^                                                   School-based/\                                Grade 7 boys and girls,\                       I: Students for Nutrition and eXercise intervention (SNaX), including school food environment changes, peer leader club and social marketing (cafeteria food taste test, nutritional messages, and educational book marks)                                                                                                                                                    Knowledge (*p* \< 0.01)\                                                                                                         ND                Y
                                                                                                                    5 weeks/daily                                 (*n* = 4022)\                                                                                                                                                                                                                                                                                                                                                                                                                Attitude (*p* \< 0.05)\                                                                                                                            
                                                                                                                                                                  Diffusion of innovation theory                                                                                                                                                                                                                                                                                                                                                                                               Intention (*p* \< 0.05)\                                                                                                                           
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               Reported pre-test and post-test on cafeteria food tasting, knowledge on healthy eating/physical activity, and intention                            

  C: No action was provided to control group                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  Wang et al., 2015 \[[@B37-nutrients-12-02426]\], China, CRCT ^4^                                                  School-based/\                                Grade 7 to 9 boys and girls,\                  I: Nutrition education intervention including in-class nutrition curriculum, peer support activities and the distribution of brochures using mass media, television (TV) messages, information leaflets.                                                                                                                                                                      Knowledge (*p* \< 0.05)\                                                                                                         ND                Y
                                                                                                                    6 months/weekly                               (*n* = 130)\                                                                                                                                                                                                                                                                                                                                                                                                                 Attitude (*p* \< 0.05)\                                                                                                                            
                                                                                                                                                                  No theory                                                                                                                                                                                                                                                                                                                                                                                                                    Healthy eating behaviour (*p* \< 0.05)\                                                                                                            
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               Reported pre-test and post-test on knowledge, attitude and healthy eating behaviour                                                                

  C: No action was provided to control group                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  Saraf et al., 2014 \[[@B38-nutrients-12-02426]\], India, CRCT ^4^                                                 School-based/\                                Grade 6 and 7 girls\                           I: Health education on diet, physical activities and tobacco through school component, class room component and family/community component using health education lectures, flash films, peer group discussion, flip charts, physical training (PT) classes                                                                                                                   Knowledge (*p* \< 0.01)\                                                                                                         39%               Y
                                                                                                                    8 months/NM                                   (*n* = 2279)\                                                                                                                                                                                                                                                                                                                                                                                                                Behavioural practice on physical activity, diet and tobacco (*p* \< 0.01)\                                                                         
                                                                                                                                                                  No theory                                                                                                                                                                                                                                                                                                                                                                                                                    Reported pre-test and post-test for knowledge and behavioural practices                                                                            

  C: No action was provided to control group                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  Laram et al., 2017 \[[@B39-nutrients-12-02426]\], Canada, CRCT ^4^                                                Community-based/\                             12 to 17 years old girls,\                     I: Nutrition education on healthy eating and sport nutrition through persuasive communication, active learning, observational modelling, using lectures, brainstorming, and discussion                                                                                                                                                                                        Knowledge (*p* \< 0.001)\                                                                                                        ND                Y
                                                                                                                    3 weeks/Weekly                                (*n* = 89)\                                                                                                                                                                                                                                                                                                                                                                                                                  Attitude (*p* \< 0.001)\                                                                                                                           
                                                                                                                                                                  Theory of planned behaviour (TPB)                                                                                                                                                                                                                                                                                                                                                                                            Subjective norm (*p* \< 0.01)\                                                                                                                     
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               Intention (*p* \> 0.05)\                                                                                                                           
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               Perceived behavioural control (*P* \> 0.05)                                                                                                        

  C: No action was provided to control group                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  Shin et al., 2015 \[[@B40-nutrients-12-02426]\], USA, CRCT ^4^                                                    Recreation centre/\                           10 to 14 years' boys and girls, (*n* = 152)\   I: Nutrition education: The Baltimore Healthy Eating Zones (BHEZ) intervention in recreation centres (corner stores/carryout restaurants and food outlets), with a focus on healthy eating, beverages, breakfast, snacks, and cooking at home through activities such as lectures, taste tests, cooking demonstrations, shelf labels, point of purchase, posters and flyers   Knowledge (*p* \< 0.001)\                                                                                                        ND                Y
                                                                                                                    8 months/daily                                No theory                                                                                                                                                                                                                                                                                                                                                                                                                    Behavioural intention (healthy food purchase, beverages, snacks, and food preparation) (*p* = 0.01)\                                               
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               Outcome expectancy (*p* = 0.02)\                                                                                                                   
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               Self-efficacy (*p* = 0.54)\                                                                                                                        
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               BMI (*p* \< 0.04)                                                                                                                                  

  C: No action was provided to control group                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      

  Jalambo et al., 2017 \[[@B41-nutrients-12-02426]\], Palestine, RCT ^3^                                            School-based/\                                15 to 19 years old girls, (*n* = 89)\          I: Nutrition education on food groups, food pyramid, balanced food, iron absorption enhancers and inhibitors, sources of iron, anaemia and iron deficiency using lectures, wall writing, videos, booklets and brochures                                                                                                                                                       Knowledge (*p* \< 0.001)\                                                                                                        ND                Y
                                                                                                                    3 months/weekly                               No theory                                                                                                                                                                                                                                                                                                                                                                                                                    Attitude (*p* \< 0.001)\                                                                                                                           
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                               Nutrition practice (*p* \< = 0.002)                                                                                                                

  C: No action was provided to control group                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

^1^ Effectiveness of the intervention is defined as a statistically significant improvement in the study outcome (*p* \< 0.05). ^2^ The abbreviation for ND is no data or data not available or not enough to calculate effect size. The abbreviation for RCT ^3^ is individual randomised control trial and CRCT ^4^ is cluster randomised control trial.

nutrients-12-02426-t002_Table 2

###### 

Summary of overall intervention intensity.

  Study (*n* = 9)                                                       ^1^ Duration   ^2^ Frequency of Contact   ^3^ Level of Personalization   ^4^ Reach of the Intervention   Overall Intensity Score   ^5^ Overall Intensity Rating   ^6^ Effective
  --------------------------------------------------------------------- -------------- -------------------------- ------------------------------ ------------------------------- ------------------------- ------------------------------ ---------------
  Abdur Razzak et al., 2016 \[[@B34-nutrients-12-02426]\] Bangladesh.   5              ^7^ NM                     2                              1                               8                         Low                            Y
  Lachausse, 2017 \[[@B35-nutrients-12-02426]\] USA.                    3              3                          2                              1                               9                         Low                            N
  Bogart et al., 2014 \[[@B36-nutrients-12-02426]\] USA.                1              5                          3                              3                               12                        Medium                         Y
  Wang et al., 2015 \[[@B37-nutrients-12-02426]\] China.                4              4                          3                              1                               12                        Medium                         Y
  Saraf et al., 2014 \[[@B38-nutrients-12-02426]\] India.               4              NM                         5                              5                               14                        High                           Y
  Laram et al., 2017 \[[@B39-nutrients-12-02426]\] Canada.              1              4                          2                              1                               8                         Low                            Y
  Shin et al., 2015 \[[@B40-nutrients-12-02426]\] USA.                  4              5                          4                              3                               16                        High                           Y
  Jalambo et al., 2017 \[[@B41-nutrients-12-02426]\] Palestine.         3              4                          2                              1                               10                        Low                            Y

^1^ Duration: 1 = ≤6 weeks, 2 = 6 to 11 weeks, 3 = 12 weeks to 5 months, 4 = 6 to 12 months, 5 = ˃12 months. ^2^ Frequency of contact: 1 = annually, 2 = bi-monthly to quarterly, 3 = monthly, 4 = weekly, 5 = daily. ^3^ Level of personalization: 1 = environmental, 2 = adolescent only, 3 = group (adolescents and teachers), 4 = group (adolescents and parents), 5 = group (adolescents and parents and teachers and community). ^4^ Reach of intervention: 1 = one setting, 3 = two settings, 5 = three or more settings. ^5^ Overall intensity rating: low intensity = ≤10.5, medium intensity = 10.51 to 13.49, high intensity = ≥13.5. ^6^ Effectiveness of the intervention is defined by statistical significance of (*p* \< 0.05). ^7^ NM = refers to not mentioned in the study.

nutrients-12-02426-t003_Table 3

###### 

Risk of bias ratings for each study included.

  Study                                                      Item ^1^   Item ^2^   Item ^3^   Item ^4^   Item ^5^   Item ^6^   Item ^7^   Item ^8^   Item ^9^   Item ^10^   Item ^11^   Item ^12^   Total *n* (%)   Bias
  ---------------------------------------------------------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ---------- ----------- ----------- ----------- --------------- ------
  Abdur Razzak et al. (2016) \[[@B34-nutrients-12-02426]\]   0          0          1          0          1          0          1          0          0          1           0           0           4 (33%)         High
  Lachausse (2017) \[[@B35-nutrients-12-02426]\]             0          0          1          0          1          1          1          0          0          1           1           1           7 (58%)         Low
  Bogart et al. (2014) \[[@B36-nutrients-12-02426]\]         0          0          0          1          1          0          1          1          0          1           0           0           5 (42%)         High
  Wang et al. (2015) \[[@B37-nutrients-12-02426]\]           0          0          0          0          1          1          1          0          0          1           0           0           4 (33%)         High
  Saraf et al. (2014) \[[@B38-nutrients-12-02426]\]          1          0          1          1          1          0          1          0          0          1           0           1           7 (58%)         Low
  Laram et al. (2017) \[[@B39-nutrients-12-02426]\]          0          0          1          0          1          1          1          1          1          1           0           1           8 (67%)         Low
  Shin et al. (2015) \[[@B40-nutrients-12-02426]\]           0          0          1          0          1          1          1          0          0          0           0           0           4 (33%)         High
  Jalambo et al. (2017) \[[@B41-nutrients-12-02426]\]        0          0          1          0          1          0          1          0          0          1           0           1           5 (42%)         High

Note. ^1^ Random sequence generation, ^2^ allocation concealment, ^3^ participants characteristics, ^4^ blinding, ^5^ intervention description, ^6^ outcome measurement of validity and reliability, ^7^ selective reporting, ^8^ use of theory, ^9^ follow up, ^10^ participant's retention, ^11^ intention to treat, ^12^ attrition. Items rated "yes" were scored as "1", "no" or unable to determine or unclear were both scored as "0". Higher scores and percentages indicate a lower risk of bias.

nutrients-12-02426-t004_Table 4

###### 

GRADE result for the eight individual studies.

  Study                                                      Type of Evidence   Quality Point   Consistency   Directness   Effect Size   Quality of Evidence
  ---------------------------------------------------------- ------------------ --------------- ------------- ------------ ------------- ---------------------
  Abdur Razzak et al. (2016) \[[@B34-nutrients-12-02426]\]   4                  2               3             3            0             Low
  Lachausse (2017) \[[@B35-nutrients-12-02426]\]             4                  3               3             3            0             Moderate
  Bogart et al. (2014) \[[@B36-nutrients-12-02426]\]         4                  3               3             4            0             Moderate
  Wang et al. (2015) \[[@B37-nutrients-12-02426]\]           4                  1               3             3            0             Low
  Saraf et al. (2014) \[[@B38-nutrients-12-02426]\]          4                  3               4             4            3             High
  Laram et al. (2017) \[[@B39-nutrients-12-02426]\]          4                  3               3             3            0             Moderate
  Shin et al. (2015) \[[@B40-nutrients-12-02426]\]           4                  2               3             3            0             Low
  Jalambo et al. (2017) \[[@B41-nutrients-12-02426]\]        4                  1               3             3            0             Low
  Overall Quality                                            High               Low             Moderate      Moderate     Very low      Moderate
